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ABSTRACT 

Five  firings  of  the  Rocketdyne  J-2S  rocket  engine  were  conducted  in  Rocket 
Development  Test  Cell  (J-4)  of  the  Engine  Test  Facility  on  July  17  and  29,  1969.  These 
firings  were  accomplished  during  test  periods  J4-1001-04  and  J4-1001-05  at  pressure 
altitudes  ranging  from  85,000  to  101,000  ft  at  engine  start.  The  primary  objectives  of 
these  test  periods  were  to  (1)  determine  if  main-stage  conditions  which  existed  during 
sea-level  testing  of  engine  S/N  J-113  would  result  in  similar  abnormal  oxidizer  dome 
vibrations  in  the  4400-  to  4700-Hz  frequency  range  during  altitude  testing  of  engine 
J-112-E,  (2)  evaluate  high  thrust  idle-mode  operation  with  a  simulated  full-face  oxidizer 
flow  injector  configuration,  and  (3)  document  effects  of  closing  the  thrust  chamber 
bypass  valve  during  high  thrust  idle-mode  operation.  Altitude  testing  did  not  result  in 
abnormal  (greater  than  100  g  rms)  oxidizer  dome  vibration  in  the  4400-  to  4700-Hz 
range  during  test  period  04.  The  thrust  chamber  bypass  valve  closing  resulted  in  a  65°  F 
increase  in  fuel  injection  temperature;  however,  stabilized  high  thrust  idle-mode  operation 
was  attained  during  test  period  05. 


This  document  is  subject  to  special  export  controls  and 
each  transmittal  to  foreign  governments  or  foreign 
nationals  may  be  made  only  with  prioT  approval  of 
NASA,  Marshall  Space  Flight  Center  (PM-EJ),  Huntsville, 
Alabama  35812. 
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SECTION  I 
INTRODUCTION 

Testing  of  the  Rocketdyne  J-2S  rocket  engine  using  an  S-IVB  battleship  stage  has 
been  in  progress  at  AEDC  since  December  1968.  Reported  herein  are  the  results  of  five 
firings  of  engine  S/N  J-112-1E  conducted  during  test  periods  J4-1001-04  and  J4-1001-05 
on  July  17  and  29,  1969,  respectively.  The  primary  objectives  of  these  test  periods  were 
to  (1)  determine  if  main-stage  conditions  which  existed  during  sea-level  testing  of  engine 
S/N  J-113  would  result  in  similar  abnormal  oxidizer  dome  vibrations  in  the  4400-  to 
4700-Hz  frequency  range  during  altitude  testing  of  engine  S/N  J-112-1E,  (2)  evaluate  high 
thrust  idle-mode  operation  with  a  simulated  full-face  oxidizer  flow  injector  configuration, 
and  (3)  document  effects  of  the  thrust  chamber  bypass  valve  closing  during  high  thrust 
idle-mode  operation. 

The  firings  reported  herein  were  accomplished  in  Rocket  Development  Test  Cell 
(J-4)  (Figs.  1  and  2,  Appendix  I)  of  the  Engine  Test  Facility  (ETF)  at  pressure  altitudes 
ranging  from  85,000  to  101,000  ft  (geometric  pressure  altitude,  Z,  Ref.  1)  at  engine  start 
signal.  Data  collected  to  accomplish  the  test  objectives  are  presented  herein.  The  results 
of  the  previous  test  period  are  presented  in  Ref.  2. 

SECTION  II 
APPARATUS 


2.1  TEST  ARTICLE 

The  test  article  was  a  J-2S  rocket  engine  (Fig.  3)  designed  and  developed  by 
Rocketdyne  Division  of  North  American  Rockwell  Corporation.  The  engine  uses  liquid 
oxygen  and  liquid  hydrogen  as  propellants  and  is  designed  to  operate  either  in  idle  mode 
at  a  nominal  thrust  of  5000  lbf  and  mixture  ratio  of  2.5,  or  at  main  stage  at  any 
precalibrated  thrust  level  between  230,000  and  265,000  lbf  at  a  mixture  ratio  of  5.5.  The 
engine  design  is  capable  of  transition  from  idle-mode  to  main-stage  operation  after  a 
minimum  of  1-sec  idle  mode  utilizing  a  solid-propellant  turbine  starter;  from  main  stage 
the  engine  can  either  be  shut  down  or  make  a  transition  back  to  idle-mode  operation 
before  shutdown.  An  S-IVB  battleship  stage  was  used  to  supply  propellants  to  the  engine. 
A  schematic  of  the  battleship  stage  is  presented  in  Fig.  4. 

i 

Listings  of  major  engine  components  and  engine  orifices  for  these  test  periods  are 
presented  in  Tables  I  and  II,  respectively  (Appendix  II).  All  engine  modifications  and 
component  replacements  performed  during  this  report  period  are  presented  in  Tables  III 
and  IV,  respectively. 

Z1.1  J-2S  Rocket  Engine 

The  J-2S  rocket  engine  (Figs.  3  and  5,  Refs.  3  and  4)  features  the  following  major 
components: 

1 .  Thrust  Chamber— The  tubular-walled,  bell-shaped  thrust  chamber 
consists  of  an  18.6-in.-diam  combustion  chamber  with  a  throat 
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diameter  of  12.192  in.,  a  characteristic  length  (L*)  of  35.4,  and  a 
divergent  nozzle  with  an  expansion  ratio  of  39.62.  Thrust  chamber 
length  (from  the  injector  flange  to  the  nozzle  exit)  is  108.6  in. 
Cooling  is  accomplished  by  the  circulation  of  engine  fuel  flow 
downward  from  the  fuel  manifold  through  180  tubes  and  then 
upward  through  360  tubes  to  the  injector  and  by  film  cooling  inside 
the  combustion  chamber. 

2.  Thrust  Chamber  Injector— The  injector  is  a  concentric-orificed 
(concentric  fuel  orifices  around  the  oxidizer  post  orifices), 
porous-faced  injector.  Fuel  and  oxidizer  injector  orifice  areas  are  19.2 
and  5.9  sq  in.,  respectively.  The  oxidizer  portion  is  compartmented, 
the  outer  compartment  supplying  oxidizer  during  main  stage  only. 
The  porous  material  forming  the  injector  face  allows  approximately 
3.5  percent  of  main-stage  fuel  flow  to  transpiration  cool  the  face  of 
the  injector. 

3.  Augmented  Spark  Igniter— The  augmented  spark  igniter  unit  is 
mounted  on  the  thrust  chamber  injector  and  supplies  the  initial 
energy  source  to  ignite  propellants  in  the  main  combustion  chamber. 
The  augmented  spark  igniter  chamber  is  an  integral  part  of  the  thrust 
chamber  injector.  Fuel  and  oxidizer  are  ignited  in  the  combustion 
area  by  two  spark  plugs. 

4.  Fuel  Turbopump-The  fuel  turbopump  is  a  one  and  one-half  stage, 
centrifugal-flow  unit,  powered  by  a  direct-drive,  two-stage  turbine.  The 
pump  is  self-lubricated  and  nominally  produces,  at  the  265,000-lbf 
thrust-rated  condition,  a  head  rise  of  60,300  ft  of  liquid  hydrogen  at 
a  flow  rate  of  9750  gpm  for  a  rotor  speed  of  29,800  rpm. 

5.  Oxidizer  Turbopump-The  oxidizer  turbopump  is  a  single-stage, 
centrifugal-flow  unit,  powered  by  a  direct-drive,  two-stage  turbine. 
The  pump  is  self-lubricated  and  nominally  produces,  at  the 
265,000-lbf  thrust  rated  condition,  a  head  rise  of  3250  ft  of  liquid 
oxygen  at  a  flow  rate  of  3310  gpm  for  a  rotor  speed  of  10,500  rpm. 

6.  Propellant  Utilization  Valve— The  motor-driven  propellant  utilization 
valve  is  a  sleeve-type  valve  which  is  mounted  on  the  oxidizer 
turbopump  and  bypasses  liquid  oxygen  from  the  discharge  to  the  inlet 
side  of  the  pump  to  vary  engine  mixture  ratio. 

7.  Main-Oxidizer  Valve— The  main  oxidizer  valve  is  a  pneumatically 
actuated,  two-stage,  butterfly-type  valve  located  in  the  oxidizer 
high-pressure  duct  between  the  turbopump  and  the  injector.  The 
first-stage  actuator  positions  the  main  oxidizer  valve  at  a  nominal 
12-deg  position  to  obtain  initial  main-stage-phase  operation;  the 
second-stage  actuator  ramps  the  main  oxidizer  valve  fully  open  to 
accelerate  the  engine  to  the  main-stage  operating  level. 
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8.  Main-Fuel  Valve— The  main  fuel  valve  is  a  pneumatically  actuated, 
butterfly-type  valve  located  in  the  fuel  high-pressure  duct  between  the 
turbopump  and  the  fuel  manifold. 

9.  Pneumatic  Control  Package-The  pneumatic  control  package  controls 
all  pneumatically  operated  engine  valves  and  purges. 

10.  Electrical  Control  Assembly -The  electrical  control  assembly  provides 
the  electrical  logic  required  for  proper  sequencing  of  engine 
components  during  operation.  The  logic  requires  a  minimum  of  1-sec 
idle-mode  operation  before  transition  to  main  stage. 

11.  Flight  Instrumentation  Package-The  instrumentation  package  contains 
sensors  required  to  monitor  critical  engine  parameters.  The  package 
provides  environmental  control  for  the  sensors. 

12.  Helium  Tank-The  helium  tank  has  a  volume  of  4000  cu  in.  and 
provides  a  helium  pressure  supply  to  the  engine  pneumatic  control 
system  for  three  complete  engine  operational  cycles. 

13.  Thrust  Chamber  Bypass  Valve— The  thrust  chamber  bypass  valve  is  a 
pneumatically  operated,  normally  open,  butterfly-type  valve  which 
allows  fuel  to  bypass  the  thrust  chamber  body  during  idle-mode 
operation. 

14.  Idle-Mode  Valve— The  idle-mode  valve  is  a  pneumatically  operated, 
ball-type  valve  which  supplies  liquid  oxygen  to  the  idle-mode 
compartment  of  the  thrust  chamber  injector  during  both  idle-mode 
and  main-stage  operation. 

15.  Hot  Gas  Tapoff  Valve-The  hot  gas  tapoff  valve  is  a  pneumatically 
operated,  butterfly-type  valve  which  provides  on-off  control  of 
combustion  chamber  gases  to  drive  the  propellant  turbopumps. 

16.  Solid-Propellant  Turbine  Starter -The  solid-propellant  turbine  starter 
provides  the  initial  driving  energy  (transition  to  main  stage)  for  the 
propellant  turbopumps  to  prime  the  propellant  feed  systems  and 
accelerate  the  turbopumps  to  75  percent  of  the  main-stage  operating 
level.  A  three-start  capability  is  provided. 

21.2  S-IVB  Battleship  Stage 

The  S-IVB  battleship  stage,  which  is  mechanically  configured  to  simulate  the 
S-IVB  flightweight  vehicle,  is  approximately  22  ft  in  diameter  and  49  ft  long  and  has  a 
maximum  propellant  capacity  of  43,000  lbm  of  liquid  hydrogen  and  194,000  lbm  of 
liquid  oxygen.  The  propellant  tanks,  fuel  above  oxidizer,  are  separated  by  a  common 
bulkhead.  Propellant  prevalves,  in  the  low-pressure  ducts  (external  to  the  tanks) 
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interfacing  the  stage  and  engine,  retain  propellants  in  the  stage  until  being  admitted  into 
the  engine  to  the  main  propellant  valves  and  serve  as  emergency  engine  shutoff  valves. 
Vent  and  relief  valve  systems  are  provided  for  both  propellant  tanks. 

Pressurization  of  the  fuel  and  oxidizer  tanks  was  accomplished  by  facility  systems 
using  hydrogen  and  helium,  respectively,  as  the  pressurizing  gases.  The  engine-supplied 
gaseous  hydrogen  and  gaseous  oxygen  for  fuel  and  oxidizer  tank  pressurization  during 
flight  were  routed  to  the  respective  facility  venting  system. 

22  TEST  CELL 

Rocket  Development  Test  Cell  (J-4)  Fig.  2,  is  a  vertically  oriented  test  unit 
designed  for  static  testing  of  liquid-propellant  rocket  engines  and  propulsion  systems  at 
pressure  altitudes  of  100,000  ft.  The  basic  cell  construction  provides  a  1.5-million-lbf 
thrust  capacity.  The  cell  consists  of  four  major  components:  (1)  test  capsule,  48  ft  in 
diameter  and  82  ft  in  height,  situated  at  grade  level  and  containing  the  test  article;  (2) 
spray  chamber,  100  ft  in  diameter  and  250  ft  in  depth,  located  directly  beneath  the  test 
capsule  to  provide  exhaust  gas  cooling  and  dehumidification;  (3)  coolant  water,  steam, 
nitrogen  (gaseous  and  liquid),  hydrogen  (gaseous  and  liquid),  liquid-oxygen,  and 
gaseous-helium  storage  and  delivery  systems  for  operation  of  the  cell  and  test  article;  and 
(4)  control  building,  containing  test  article  controls,  test  cell  controls,  and  data 
acquisition  equipment.  Exhaust  machinery  is  connected  with  the  spray  chamber  and 
maintains  a  minimum  test  cell  pressure  before  and  after  the  engine  firing  and  exhausts 
the  products  of  combustion  from  the  engine  firing.  Before  a  firing,  the  facility  steam 
ejector,  in  series  with  the  exhaust  machinery,  provides  a  pressure  altitude  of  100,000  ft 
in  the  test  capsule.  A  detailed  description  of  the  test  cell  is  presented  in  Ref.  5. 

The  battleship  stage  and  the  J-2S  engine  were  oriented  vertically  downward  on 
the  oenterline  of  the  diffuser-steam  ejector  assembly.  This  assembly  consisted  of  a 
diffuser  duct  (20  ft  in  diameter  by  150  ft  in  length),  a  centerbody  steam  ejector  within 
the  diffuser  duct,  a  diffuser  insert  (13.5  ft  in  diameter  by  30  ft  in  length)  at  the  inlet  to 
the  diffuser  duct,  and  a  gaseous-nitrogen  annular  ejector  above  the  diffuser  insert.  The 
diffuser  insert  was  provided  for  dynamic  pressure  recovery  of  the  engine  exhaust  gases 
and  to  maintain  engine  ambient  pressure  altitude  (attained  by  the  steam  ejector)  during 
the  engine  firing.  The  annular  ejector  was  provided  to  suppress  steam  recirculation  into 
the  test  capsule  during  steam  ejector  shutdown.  The  test  cell  was  also  equipped  with  (1) 
a  gaseous-nitrogen  purge  system  for  continuously  inerting  the  air  in-leakage  of  the  cell; 
(2)  a  gaseous-nitrogen  repressurization  system  for  raising  test  cell  pressure,  after  engine 
cutoff,  to  a  level  equal  to  spray  chamber  pressure  and  for  rapid  emergency  inerting  of  the 
capsule;  and  (3)  a  spray  chamber  liquid-nitrogen  supply  and  distribution  manifold  for 
initially  inerting  the  spray  chamber  and  exhaust  ducting  and  for  increasing  the  molecular 
weight  of  the  hydrogen-rich  exhaust  products. 

23  INSTRUMENTATION 

Instrumentation  systems  were  provided  to  measure  engine,  stage,  and  facility 
parameters.  The  engine  instrumentation  was  comprised  of  (1)  flight  instrumentation  for 
the  measurement  of  critical  engine  parameters,  and  (2)  facility  instrumentation  which  was 
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provided  to  verify  the  flight  instrumentation  and  to  measure  additional  engine 
parameters.  The  flight  instrumentation  was  provided  and  calibrated  By  the  engine 
manufacturer;  facility  instrumentation  was  initially  calibrated  and  periodically  recalibrated 
at  AEDC.  Appendix  III  contains  a  list  of  all  measured  engine  test  parameters  and  the 
locations  of  selected  sensing  points. 

Pressure  measurements  were  made  using  strain-gage  and  capacitance-type  pressure 
transducers.  Temperature  measurements  were  made  using  resistance  temperature 
transducers  and  thermocouples.  Oxidizer  and  fuel  turbopump  shaft  speeds  were  sensed  by 
magnetic  pickup.  Fuel  and  oxidizer  flow  rates  to  the  engine  were  measured  by 
turbine-type  flowmeters  which  are  an  integral  part  of  the  engine.  Vibrations  were 
measured,  by  piezoelectric  accelerometers.  Primary  engine  and  stage  valves  were 
instrumented  with  linear  potentiometers  and  limit  switches. 

The  data  acquisition  systems  were  calibrated  by  (1)  precision  electrical  shunt 
resistance  substitution  for  the  pressure  transducers  and  resistance  temperature  transducer 
units;  (2)  voltage  substitution  for  the  thermocouples;  (3)  frequency  substitution  for  shaft 
speeds  and  flowmeters;  and  (4)  frequency-voltage  substitution  for  accelerometers  and 
capacitance-type  pressure  transducers. 

The  types  of  data  acquisition  and  recording  systems  used  during  this  test  period 
were  (1)  a  multiple-input  digital  data  acquisition  system  scanning  each  parameter  at  50 
samples  per  second  and  recording  on  magnetic  tape;  (2)  single-input,  continuous-recording 
FM  systems  recording  on  magnetic  tape;  (3)  photographically  recording  galvanometer 
oscillographs;  (4)  direct-inJdng,  null-balance,  potentiometer-type  X-Y  plotters  and  strip 
charts;  and  (5)  optical  data  recorders.  Applicable  systems  were  calibrated  before  each  test 
(atmospheric  and  altitude  calibrations).  Television  cameras,  in  conjunction  with  video 
tape  recorders,  were  used  to  provide  visual  coverage  during  an  engine  firing,  as  well  as  for 
replay  capability  for  immediate  examination  of  unexpected  events. 

2.4  CONTROLS  I 

Control  of  the  J-2S  engine,  battleship  stage,  and  test  cell  systems  during  the 
terminal  countdown  was  provided  from  the  test  cell  control  room.  A  facility  control  logic 
network  was  provided  to  interconnect  the  engine  control  system,  major  stage  systems,  the 
engine  safety  cutoff  system,  the  observer  cutoff  circuits,  and  the  countdown  sequencer.  A 
schematic  of  the  engine  start  control  logic  is  presented  in  Fig.  6.  The  sequence  of  engine 
events  for  start  and  shutdown  is  presented  in  Fig.  7.  The  engine  control  system  was 
modified  for  this  series  of  tests  to  simulate  a  full-face  oxidizer  flow  injector  configuration 
and  to  allow  the  transition  to  high  thrust  idle-mode  operation  without  utilizing  a 
solid-propellant  turbine  starter. 

This  modification  required  the  main  oxidizer  valve  be  opened  to  its  first-stage 
position  during  idle-mode  operation  by  initiating  main-stage  start  signal  1  sec  after  engine 
start  signal  and  electrically  preventing  the  hot  gas  tapoff  valve  from  opening.  High  thrust 
idle  mode  was  initiated  by  opening  the  hot  gas  tapoff  valve. 
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SECTION  III 
PROCEDURE 

Preoperational  procedures  were  begun  several  hours  before  the  test  period.  All 
consumable  storage  systems  were  replenished;  and  engine  inspections,  leak  checks,  and 
drying  procedures  were  conducted.  Propellant  tank  pressurants,  engine  pneumatic,  and 
purge  gas  samples  were  taken  to  ensure  that  specification  requirements  were  met. 
Chemical  analysis  of  propellants  was  provided  by  the  propellant  suppliers.  Facility 
sequence,  engine  sequence,  and  engine  abort  checks  were  conducted  within  a  24-hr  time 
period  before  an  engine  firing  to  verify  the  proper  sequence  of  events.  Facility  and  engine ' 
sequence  checks  consisted  of  verifying  the  timing  of  valves  and  events  to  be  within 
specified  limits;  the  abort  checks  consisted  of  electrically  simulating  engine  malfunctions 
to  verify  the  occurrence  of  an  automatic  engine  cutoff  signal.  A  fmal  engine  sequence 
check  was  conducted  immediately  preceding  the  test  period. 

Oxidizer  injector  and  thrust  chamber  jacket  purges  were  initiated  before 
evacuating  the  test  cell.  After  completion  of  instrumentation  calibrations  at  atmospheric 
conditions,  the  solid-propellant  turbine  starters  were  installed  (test  04,  only),  the  test  cell 
was  evacuated  to  approximately  0.5  psia  with  the  exhaust  machinery,  and 
instrumentation  calibrations  at  altitude  conditions  were  conducted.  Immediately  before 
loading  propellants  on  board  the  vehicle,  the  cell  and  exhaust-ducting  atmosphere  was 
inerted.  At  this  same  time,  the  cell  nitrogen  purge  was  initiated  for  the  duration  of  the 
test  period,  except  for  engine  main-stage  and  high  thrust  operation.  The  vehicle 
propellant  tanks  were  then  loaded,  and  the  remainder  of  the  terminal  countdown  was 
conducted.  Temperature  conditioning  of  the  various  engine  components  was  accomplished 
as  required',  using  the  facility-supplied  engine  component  conditioning  system.  Table  V 
presents  the  engine  purges  and  thermal  conditioning  operations  during  the  terminal 
countdown  and  immediately  following  the  engine  firing. 

SECTION  IV 

RESULTS  AND  DISCUSSION 


4.1  TEST  SUMMARY 

Five  firings  of  the  Rocketdyne  J-2S  rocket  engine  were  conducted  during  test 
periods  J4-1001-04  and  J4-1001-05  on  July  17  and  29,  1969,  respectively.  Pressure 
altitude  at  engine  start  signal  for  these  firings  ranged  from  85,000  to  101,000  ft. 

The  objectives  for  test  period  04  were  to  (1)  determine  if  main-stage  conditions 
which  existed  during  sea-level  testing  of  engine  S/N  J-113  would  result  in  similar 
abnormal  oxidizer  dome  vibrations  in  the  range  of  4400  to  4700  Hz,  (2)  investigate 
oxidizer  pump  chilldown  characteristics  with  an  initially  warm  pump  (-100°F),  and  (3) 
obtain  performance  data  with  the  injector  from  engine  S/N  J-113.  The  primary  objectives 
for  test  period  05  were  to  evaluate  high  thrust  idle-mode  operation  with  reduced  oxidizer 
system  resistance  (simulating  a  full-face  oxidizer  flow'  injector  configuration)  and 
document  effect  of  the  thrust  chamber  bypass  valve  closing  during  high  thrust  idle  mode. 
A  summary  of  significant  test  variables  and  results  is  presented  on  the  following  page. 
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Firing  J4-1001- 

04A 

Fuel  pump  inlet  pressure 
at  engine  start  signal,  psia 

33.6 

Oxidizer  pump  inlet  pressure 
at  engine  start  signal,  psia 

39.4 

Main  oxidizer  valve  first-stage 
position,  deg 

12.5 

Oxidizer  idle-mode  line 
orifice  diameter,  in. 

Open 

Stabilized  main-stage 
operation  achieved 

Yes 

Stabilized-high  thrust 
idle-mode  operation 
achieved 

** 
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04B 

05A 

05B 

05C 

32.9 

33.2 

40.3 

33.1 

37.8 

38.6 

32.8 

38.5 

12.5 

13.5 

13.5 

13.5 

Open 

0.500 

0.500 

0.500 

No 

* 

* 

* 

** 

No 

No 

No 

♦Main-stage  operation  was  not  a  requirement  for  this  test. 

♦♦High  thrust  idle-mode  operation  was  not  a  requirement  for  this  test. 

Test  requirements  and  specific  test  results  are  summarized  in  Table  VI.  Start  and 
shutdown  transient  operating  times  for  selected  engine  valves  are  presented  in  Table  VII. 
Figure  8  shows  the  engine  start  conditions  for  the  propellant  pump  inlets  and  the  helium 
tank.  Engine  ambient  and  combustion  chamber  pressures,  thrust  chamber  and  fuel 
injector  chilldown  behavior,  engine  propellant  flow  rates  and  mixture  ratios,  propellant 
feed  system  performance,  and  turbine  system  temperatures  are  presented  in  Figs.  9 
through  34.  Also  presented  in  these  figures  are  the  solid-propellant  turbine  starter 
chamber  pressures  for  the.  applicable  firings. 

Data  presented  in  the  subsequent  sections  are  from  the  digital  data  acquisition 
system,  except  where  indicated  otherwise.  Propellant  flow  rates  are  based  on  pump 
discharge  temperatures  and  pressures  and  on  engine  flowmeter  calibration  constants 
supplied  by  the  engine  manufacturer  (5.50  and  2.00  cycles/gal  for  the  oxidizer  and  fuel 
flowmeters,  respectively). 

4.2  TEST  RESULTS 

4.21  Firing  J4-1001-04A 

The  objectives  of  this  firing  were  to  determine  if  main-stage  conditions  which 
existed  during  sea  level  testing  of  engine  S/N  J-113  would  result  in  similar  abnormal 
oxidizer  dome  vibrations  (above  100  g  rms)  in  the  4400-  to  4700-Hz  frequency  range 
during  altitude  testing  of  engine  J-112-1E  and  to  obtain  performance  data  with  the 
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injector  assembly  from  engine  S/N  J-113.  Main-stage  operation  was  successfully 
accomplished  over  the  full  range  of  propellant  utilization  valve  positions.  Performance 
data  were  obtained  and  are  presented  in  Section  4.3.  Oxidizier  dome  vibration  data  were 
recorded  and  analyzed.  Abnormal  vibrations  (above  100  g  rms)  in  the  4400-  to  4700-Hz 
frequency  range  were  not  observed  at  the  oxidizer  dome.  A  further  discussion  of  this  test 
objective  is  presented  in  Section  4.3. 

4.2.2  Firing  J4-1001-04B 

The  objective  of  this  firing  was  to  investigate  oxidizer  pump  chilldown 
characteristics  during  idle-mode  operation  with  an  initially  warm  pump  bearing  coolant 
cavity  temperature  of  -107°F.  Both  the  fuel  and  oxidizer  pumps  were  warm  at  t-0  -  10 
sec;  the  fuel  pump  balance  piston  sump  temperature  was  -132°F  at  this  time.  The  stage 
prevalves  were  opened  at  t-0  -  5  sec.  Figure  35  shows  the  temperature  behavior  of  the 
fluid  inside  the  oxidizer  pump  bearing  coolant  cavity  throughout  the  firing.  After 
approximately  36.4  sec  of  low  thrust  idle-mode  operation,  liquid  conditions  were  present 
in  the  bearing  coolant  cavity.  This  firing  was  terminated  prematurely  after  1.5  sec  of 
main-stage  operation  by  the  automatic  vibration  safety  cutoff  system,  precluding  further 
oxidizer  pump  evaluation  on  this  firing  (Ref.  Section  4.4). 

4.Z3  Firing  J4-1001-05A 

The  objectives  of  this  firing  were  to  evaluate  high  thrust  idle-mode  operation  with 
(1)  reduced  oxidizer  system  resistance  and  (2)  the  thrust  chamber  bypass  valve  closing 
during  high  thrust  idle-mode  operation.  The  reduction  of  the  oxidizer  system  resistance 
was  accomplished  by  increasing  the  main  oxidizer  valve  first-stage  position  from 
approximately  12.5  to  13.5  deg,  which  simulated  a  full-face  oxidizer  flow  injector 
configuration.  The  firing  was  erroneously  terminated  after  only  1.3  sec  of  high  thrust 
idle-mode  operation  (t-0  +  4.5  sec)  by  an  automatic  monitor,  because  the  indicated  fuel 
turbine  inlet,  temperature  monitored  by  the  engine  safety  cutoff  system  exceeded  the 
safety  limit  of  1200°F  (Ref.  Section  4.5).  Firing  duration  was  insufficient  for  evaluation 
of  high  thrust  idle-mode  operation.  , 

4.Z4  Firing  J4-1001-05B 

The  objectives  of  this  firing  were  the  same  as  those  of  firing  05A,  except  the  low 
thrust  idle-mode  duration  was  increased  to  7  sec.  The  targeted  pump  inlet  pressures  were 
changed  from  33  to  40  psia  for  the  fuel  pump  and  from  40  to  33  psia  for  the  oxidizer 
pump.  Both  the  increased  low  thrust  idle-mode  duration  and  the  altered  pump  inlet 
pressures  were  utilized  as  an  attempt  to  reduce  the  abnormally  high  temperatures 
obtained  during  firing  05A  at  the  fuel  turbine  inlet  and  the  hot  gas  tapoff  manifold  (Ref. 
Section  4.5). 

Stabilized  high  thrust  idle-mode  operation  was  not  attained  during  this  firing,  as 
may  be  noted  in  Fig.  25.  The  effects  of  closing  the  thrust  chamber  bypass  valve  during 
high  thrust  idle-mode  operation  could  not  be  satisfactorily  evaluated  since  stabilized  high 
thrust  idle-mode  operation  was  not  attained.  Throughout  high  thrust  idle  mode, 
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significant  vibration  was  detected  at  the  oxidizer  pump  inlet  duct  (Ref.  Section  4.6).  A 
further  discussion  of  high  thrust  idle-mode  operation  on  this  firing  is  presented  in  Section 
4.5. 

4.25  Firing  J4-1001-05C 

The  objectives  of  this  firing  were  the  same  as  those  of  firing  05A,  except  the  low 
thrust  idle-mode  duration  was  extended  to  7  sec.  The  effects  of  the  extended  low  thrust 
idle-mode  duration  on  hot  gas  tapoff  manifold  and  fuel  turbine  inlet  temperatures  during 
the  transition  into  high  thrust  idle  mode  are  discussed  in  Section  4.5. 

Steady-state  high  thrust  idle-mode  operation  was  not  attained  during  this  firing 
(Fig.  30);  therefore,  the  effects  of  closing  the  thrust  chamber  bypass  valve,  during  high 
thrust  idle-mode  operation  could  not  be  satisfactorily  evaluated.  A  discussion  of  engine 
operation  during  high  thrust  idle  mode  is  presented  in  Section  4.5.  Throughout  high 
thrust  idle  mode,  significant  vibration  was  detected  at  the  oxidizer  pump  inlet  duct  (Ref. 
Section  4.6). 

4.3  ENGINE  VIBRATION,  FIRING  04A 

Abnormally  high  vibration  levels  were  observed  on  engine  S/N  J-113  by  the 
engine  manufacturer  during  main-stage  testing  at  sea-level  conditions.  Vibrations  with 
amplitudes  to  140  g  rms  over  the  4400-  to  4700-Hz  frequency  range  were  recorded  at  the 
oxidizer  dome.  The  amplitudes  varied  with  propellant  utilization  valve  position,  the 
highest  with  the  valve  open,  and  the  lowest  with  it  closed.  The  injector  was  thought  to 
be  the  source  of  this  vibration. 

Firing  04A  was  conducted  to  determine  if  similar  abnormal  oxidizer  dome 
vibrations  would  be  encountered  during  main-stage  testing  of  engine  S/N  J-112-1E, 
utilizing  the  injector  assembly  from  engine  S/N  J-113,  at  simulated  altitude  conditions. 
The  effect  of  propellant  utilization  valve  position  was  examined  according  to  the 
following  schedule: 


Time  from  Engine  Start 
_ Signal,  sec _ 


Propellant  Utilization 
Valve  Position 


0  to  6.4  Null 

6.4  to  11.0  Gosed 

11.0  to  20.8  Null 

20.8  to  34.2  Open 


Power  spectral  density  data  (method  of  analysis,  Appendix  IV)  Fig.  36,  were 
reduced  from  oxidizer  dome  accelerometer,  UTCD-4.  Three  3-sec  time  periods,  beginning 
at  7,  17,  and  29  sec  after  engine  start  signal,  were  chosen  for  vibration  data  reduction  to 
correspond  with  operation  at  the  closed,  null,  and  open  propellant  utilization  valve 
positions,  respectively.  Vibration  data  were  continuously  recorded  during  main-stage 
operation. 
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Additional  oxidizer  dome  vibration  data  were  obtained  and  reduced  from 
accelerometers  UTCD-1  and  UTCD-3.  However,  the  outputs  of  these  two  accelerometers 
were  conditioned  in  the  engine  vibration  safety  cutoff  system  (VSCS)  which  was  shown, 
Fig.  37,  to  have  a  particularly  degrading  effect  on  accelerometer  signal  amplitude  above 
1000  Hz.  Note  in  Fig.  37  that  accelerometer  UTCD-4  (which  was  not  conditioned  within 
the  VSCS)  produced  an  attenuation  influence  considerably  different  than  either  UTCD-1 
or  UTCD-3  in  the  800-  to  7000-Hz  frequency  range. 

Although  the  abnormal  4400-  to  4700-Hz  vibration  experienced  at  sea  level  was 
not  encountered  during  firing  04A,  a  predominant  frequency  at  each  propellant 
utilization  valve  position  was  observed.  Vibration  amplitudes  were  small,  less  than  100  g 
rms.  The  basic  engine  performance  associated  with  each  propellant  utilization  valve 
position  and  observed  engine  vibration  frequency  are  tabulated  below. .  Performance  data 
were  calculated  as  shown  in  Appendix  V. 


Propellant  utilization  valve 
position 

Closed 

Null 

Open 

Predominant  oxidizer  dome 
vibration  frequency,  Hz 

5900 

5400 

5400 

Engine  thrust,  vacuum 
corrected,  lbf 

262,000 

236,000 

214,000 

Engine  mixture  ratio,  O/F 

5.25 

4.75 

4.35 

Engine  total  propellant 
flow  rate,  lbm/sec 

606 

541 

488 

Engine  specific  impulse, 
vacuum  corrected,  lbf-sec/lbm 

432 

436 

437 

Characteristic  velocity, 
ft/sec 

7670 

7800 

7870 

The  influence  of  the  propellant  utilization  valve  on  oxidizer  dome  vibration  was 
apparently  insignificant.  Although  the  predominant  vibration  frequency  at  the  closed 
position  was  about  S00  Hz  higher  than  at  the  other  two  positions,  the  engine  had  not 
achieved  steady-state  operation  at  this  time;  the  engine  was  operating  steady  state  at  the 
other  two  valve  positions. 

4.4  ABNORMAL  TRANSITION  TO  MAIN  STAGE  DURING  FIRING  04B 

Firing  04B  was  programmed  for  7.5  sec  of  main-stage  operation;  however,  the 
firing  was  terminated  prematurely  after  1.47  sec  of  main-stage  operation  by  the 
automatic  vibration  safety  cutoff  system.  The  cutoff  limits  were  set  for  70  msec  of  150  g 
rms  continuous  vibration.  A  total  of  340  msec  of  sporadic  engine  vibration  in  excess  of 
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150  g  rms  was  recorded,  110  msec  of  which  occurred  before  the  cutoff  signal.  From  Fig. 
38,  it  may  be  noted  that  the  engine  experienced  an  abnormal  transition  to  main-stage 
operation.  Combustion  chamber  pressure  increased  about  16  psi  approximately  337  msec 
after  the  main-stage  start  signal.  Also,  at  this  time,  there  were  temperature  increases  at 
the  oxidizer  and  fuel  injectors.  The  injection  pressures  increased,  on  the  average,  about 
30  psi.  There  was  no  apparent  damage  to  the  engine. 

4.5  HIGH  THRUST  IDLE  MODE 

Fjring  05 A  was  terminated  prematurely  after  1.3  sec  of  high  thrust  idle-mode 
operation.  This  resulted  because  of  an  erroneous  indication  that  the  fuel  turbine  inlet 
temperature,  monitored  by  the  engine  safety  cutoff  system  (ESCS)  exceeded  the 
established  safe  limit  of  1200°F.  Histories  of  the  tapoff  manifold  and  fuel  turbine  inlet 
temperatures  during  the  transition  to  high  thrust  idle  mode  are  shown  in  Fig.  24.  (The 
turbine  inlet  temperature  sensor  shown  in  Fig.  24  is  not  monitored  by  the  ESCS.)  Peak 
temperatures  recorded  at  engine  cutoff  signal  were  1027  and  691°F  for  the  hot  gas 
tapoff  manifold  and  fuel  turbine  inlet  temperatures,  respectively. 

The  low  thrust  idle-mode  duration  was  increased  from  3  to  7  sec  for  firings  05B 
and  05C.  This  allowed  the  propellant  feed  systems  to  chill  sufficiently  to  reduce  the 
transient  chamber  mixture  ratios.  The  resulting  peak  hot  gas  tapoff  manifold  and  fuel 
turbine  inlet  temperatures  during  transition  to  high  thrust  idle  mode  were  575  and 
430°F,  respectively,  for  firing  05B  (Fig.  29),  and  799  and  495°F,  respectively,  for  firing 
05C  (Fig.  34). 

A  decay  in  high  thrust  idle-mode  performance  during  previous  J-2S  engine  testing 
at  AEDC  (Refs.  6  and  7)  has  been  attributed  to  icing  in  either  the  fuel  or  oxidizer 
turbine.  The  presence  of  turbine  icing  was  detected  on  previous  tests  by  noting  a  decrease 
in  pump  speed,  accompanied  by  an  increase  in  turbine  internal  resistance. 

Although  transition  was  smooth,  firing  05B  did  not  achieve  steady-state,  high 
thrust,  idle-mode  operation.  Firing  J4-1902-16A  (Ref.  2),  which  was  a  successful  high 
thrust  idle-mode  firing,  also  had  steady  turbine  pressure  drop  and  speed  during  high 
thrust  idle-mode  operation.  During  firing  05B  the  turbine  pressure  drop  and  speed  were 
relatively  steady  for  both  the  oxidizer  and  fuel  turbines  with  no  apparent  decay  in 
performance  after  the  initial  6  sec  of  high  thrust  idle-mode  operation  (Fig.  39).  The  fuel 
turbine  speed  gradually  increased  to  approximately  15,600  rpm  at  engine  cutoff  signal. 
The  oxidizer  turbine  exhibited  a  similar  trend.  Indicated  turbine  inlet  and  outlet 
temperatures  were  too  warm  for  the  formation  of  ice  inside  the  fuel  turbine  after  high 
thrust  idle-mode  initiation.  However,  the  indicated  oxidizer  turbine  outlet  temperature 
was  below  32°  F  during  low  thrust  idle  mode  and  for  3  sec  after  high  thrust  idle-mode 
initiation.  The  temperature  increased  to  about  50°  F  4  sec  after  initiation  and  then 
decreased  to  a  low  of  about  35°F  between  7  and  9  sec  after  high  thrust  idle-mode 
initiation.  iThe  temperature  then  continued  to  increase  until  engine  cutoff  signal  at  which 
time  it  was  indicating  approximately  85°  F.  Therefore,  there  is  no  indication  of  icing  in 
either  the  oxidizer  or  fuel  turbine. 
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Closing  the  fuel  bypass  valve  during  high  thrust  idle-mode  operation,  t-0  +  22.5 
sec,  resulted  in  a  65°  F  increase  in  fuel  injection  temperature  (Fig.  26).  Closing  of  fuel 
bypass  valve  coincided  with  the  beginning  of  a  steady  increase  in  chamber  pressure  and 
propellant  feed  system  pressures. 

Firing  05C  experienced  severe  performance  degradation  during  high  thrust 
idle-mode  operation.  After  high  thrust  idle-mode  initiation,  and  until  about  t-0  +  28  sec, 
there  was  a  significant  reduction  in  chamber  pressure  (Fig.  30),  the  propellant  feed 
system  pressures,  and  the  pump  speeds.  Transition  to  high  thrust  idle  mode  was  smooth 
and  stable.  Comparison  of  turbine  performance  with  firing  J4-1 902-1 5C  (Ref.  6),  which  is 
considered  to  have  experienced  oxidizer  turbine  icing,  revealed  that  speed  and  pressure 
drop  across  the  turbine  were  both  decreasing  (Fig.  40)  during  high  thrust  idle  mode  until 
about  t-0  +  28  sec.  This  tended  to  discount  turbine  icing  as  the  problem,  for  the  internal 
resistance  was  decreasing  as  the  turbine  speed  decreased.  However,  the  oxidizer  turbine 
back  pressure  (POTO,  Fig.  40)  was  increasing  as  the  other  pressures  were  decreasing.  This 
indicates  that  a  flow  restriction,  possibly  icing,  existed  downstream  of  the  oxidizer 
turbine.  At  about  t-0  +  28  sec,  abnormal  engine  vibration,  as  measured  by  the  engine 
vibration  safety  cutoff  system,  was  recorded  for  about  110  msec,  which  exceeded  150  g 
rms.  Also,  at  this  time,  chamber  pressure,  the  propellant  feed  system  pressures,  and  the 
turbine  speeds  began  increasing.  Stabilized  engine  operation  appeared  to  have  existed 
from  t-0  +  30  sec  until  engine  cutoff  signal.  The  fuel  bypass  valve  was  initiated  closed  at 
t-0  +  22.5  sec,  which  resulted  in  an  increase  in  fuel  injection  temperature  of  65°F. 
Excessive  engine  ambient  pressure  and  temperature  during  the  firing  prevented  meaningful 
evaluation  of  engine  performance. 

4.6  OXIDIZER  PUMP  INLET  VIBRATION 

Throughout  high  thrust  idle-mode  operation  of  firings  05B  and  05C,  unusual 
vibration  was  detected  atlthe  oxidizer  pump  inlet  duct  with  a  frequency  of  approximately! 
16  Hz,  the  natural  frequency  of  the  duct.  Vibration  of  the  pump  inlet  bellows  along  its 
longitudinal  axis  was  clearly  evident  in  motion  pictures  of  firing  05  B,  and  exhibited  an 
amplitude  of  approximately  ±1  in.  The  vibration' was  also  reflected  in  chamber  pressure 
and  most  of  the  oxidizer  system  pressures,  particularly  oxidizer  pump  inlet  pressure.  It  is 
suspected  that  the  vibration  was  flow  induced,  possibly  associated  with  inlet 
“pre-rotation”  previously  noted  when  operating  the  engine  in  high  thrust  idle  mode  (Ref. 
7). 

4.7  INJECTOR  SEAL  FAILURE 

Following  test  period  J4-1001-05,  the  injector  assembly  was  removed  from  the 
engine  for  installation  of  the  full-face  oxidizer  flow  injector  scheduled  for  testing  during 
test  period  J4-1 001-06.  It  was  discovered  that  the  injector  stainless  steel  ring  seal  (P/N 
18781-9-7)  had  failed.  The  location  of  the  seal  in  relation  to  the  injector  assembly  may 
be  seen  in  Fig.  5d,  and  photographs  of  the  seal  are  shown  in  Fig.  41.  It  is  not  known 
when  the  seal  failed  or  the  effect  of  this  failure  on  engine  operation.  However,  if  the 
failure  point  on  the  seal  were  located  within  dose  proximity  to  a  hot  gas  tapoff  port, 
raw  fuel  could  have  entered  the  tapoff  manifold  during  engine  operation. 
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SECTION  V 

SUMMARY  OF  RESULTS 

The  results  of  the  five  firings  of  the  J-2S  rocket  engine  S/N  J-l  12-1E  during  test 
periods  J4-1001-04  and  OS  are  summarized  as  follow: 

1.  Main-stage  operation  of  engine  S/N  J-l  12,  utilizing  the  injector 
assembly  from  engine  S/N  J-l  13,  exhibited  no  abnormal  (above  100  g 
rms)  oxidizer  dome  vibrations.  Predominant  frequencies  in  the  range 
of  5400  to  5900  Hz  were  recorded;  propellant  utilization  valve 
position  had  an  insignificant  effect  on  the  vibration  level. 

2.  Forty  seconds  of  low  thrust  idle-mode  operation  during  firing  04B 
was  found  to  be  sufficient  for  producing  liquid  temperature 
throughout  the  oxidizer  pump  with  an  initial  temperature  inside  the 
pump  of  -107°F. 

3.  Abnormal  chamber  pressure  increases  were  recorded  during  transition 
to  main  stage  of  firing  04B,  resulting  in  a  premature  engine  cutoff  by 
the  vibration  safety  cutoff  system. 

4.  Stabilized  high  thrust  idle  mode  on  two  firings  within  this  series  was 
not  attained;  idle-mode  operation  conditions  inside  the  fuel  and 
oxidizer  turbines  did  not  indicate  the  presence  of  icing. 

5.  Throughout  high  thrust  idle-mode  operation  of  firings  05B  and  Q5C, 
the  oxidizer  pump  inlet  bellows  vibrated  along  its  longitudinal  axis  at 
a  frequency  of  16  Hz,  with  an  amplitude  of  about  ±1  in. 
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Fig.  22  Thrust  Chamber  Chilldown  and  Fuel  Injection  Temperature,  Firing  05A 
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Fig.  25  Engine  Ambient  and  Combustion  Chamber  Pressures,  Firing  05B 
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Fig.  26  Thrust  Chamber  Chilldown  and  Fuel  Injection  Temperature,  Filing  05B 


AEDC-TR-70-165 


4*. 

00 


6n 


5 


1H 


OJ 


TIME,  SEC 


Fig.  27  Total  Propellant  Flow  Rate  and  Engine  Mixture  Ratio,  Firing  05B 
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Fig.  29  Turbine  System  Temperatures,  Firing  05B 
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Fig.  30  Engine  Ambient  end  Combustion  Chamber  Pressures,  Firing  05C 
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5. 


IIM 


RMS  POWER  SPECTRAL  DENSITY,  G2/HZ 


RMS  POWER  SPECTRAL  DENSITY,  G^/HZ 


AEDC-TR -70-165 


AEDC-TR-70-165 


39 

t: 


Fig.  38  Combustion 


TURBINE  SPEED,  RPM  x  10 


AEDC-TR-70-165 


TIME  FROM  HIGH  THRUST  IDLE-MODE  INITIATION,  SEC 

a.  Fuel  Turbine  Speed  and  Pressure  Drop 
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d.  Oxidizer  Turbine  inlet  and  Outlet  Temperatures 
Fig.  39  Concluded 
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a.  Fuel  Turbine  Speed  and  Pressure  Drop 

Fuel  and  Oxidizer  Turbine  Performance,  Firing  05C 
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0  5  10  15  20  25 


TIME  FROM  HIGH  THRUST  IDLE-MODE  INITIATION,  SEC 

b.  Fuel  Turbine  Inlet  and  Outlet  Temperatures 
Fig.  40  Continued 
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TURBINE  PRESSURE  DROP, 
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TIME  FROM  HIGH  THRUST  IDLE-MODE  INITIATION,  SEC 


c.  Oxidizer  Turbine  Speed  and  Pressure  Drop 
Fig.  40  Continued 
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PRESSURE,  PSIA  TEMPERATURE,  °F 
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TIME  FROM  HIGH  THRUST  IDLE-MODE  INITIATION,  SEC 


d.  Oxidizer  Turbine  Inlet  and  Outlet  Temperatures 


0  5  10  15  20  25  30 

TIME  FROM  HIGH  THRUST  IDLE-MODE  INITIATION,  SEC 


e.  Oxidizer  Turbine  Outlet  Pressure,  POTO 
Fig.  40  Concluded 
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a.  View  of  Injector  Seal 
Fig.  41  Injector  Seal  Photographs 


AEDC-TR-70-165 


-J 

o 


A  E  D  C 
6712-69 


b.  Closeup  of  Broken  Section  of  injector  Seal 
Fig.  41  Concluded 
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TABLE  I 

MAJOR  ENGINE  COMPONENTS 
(Effective  Tests  J4-1001-04  end  J4-1001-05) 


Part  Name 


P/N 


Thrust  chamber  body  assembly 
Thrust  chamber  injector  assembly 
Augmented  spark  igniter  assembly 
Ignition  detector  probe  1 
Ignition  detector  probe  2 
Fuel  turbopump  assembly 
Oxidizer  turbopump  assembly 
Main  fuel  valve 
Main  oxidizer  valve 
Idle  mode  valve  » 

Thrust  chamber  bypass  valve 
Ilot  gas  tapoff  valve 
Propellant  utilization  valve 
Electrical  control  package 
Engine  instrumentation  package 
Pneumatic  control  package 
Restart  control  assembly 
Helium  tank  assembly 
Oxidizer  flowmeter 
Fuel  flowmeter 
Fuel  inlet  duct  assembly 
Oxidizer  inlet  duct  assembly 
Fuel  pump  discharge  duct 
Oxidizer  pump  discharge  duct 
Thrust  chamber  bypass  duct 
Fuel  turbine  exhaust  bypass  duct 
Hot  gas  tapoff  duct 
Solid -propellant  turbine 
starters  manifold 
Heat  exchanger  and  oxidizer 
turbine  exhaust  duct 
-Crossover  duct 


99-210620 
XEOR-936648 
EWR11 331 1-21 
3243-2 
3243-1 

99-461500-31 

99-460430-21 

99- 41 1 320-X3 

99-411 225-X4 

99-411335 

99-411180- X2 

99-557824-X2 

99-251 4  55  -X5 

99-503670 

99- 704G41 

99-558330 

99-503G3O 

MA5-2 602 12-1 

251216 

251225 

409900-11 

4  00  89  9 

99-411032-7 

99-411032-5 

99-411079 

307879-11 

99-411080-51 

99-210921-11 

307887 

307879-11 


r 
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S/N 


4094439 
4087384 
4901310 
016 
003X 
T*004-  1A 
S003-0A 
3900881 
8900929 
3900867 
8900806 
8900847 
3900911 
4098176 
4097437 
8900317 
4097367 
0002 
4096374 
4096875 
6631788 
4052289 
4  39 
4  39 
439 

2143580 

7239763 

7216433 

2142922 

2143580 


TABLE  II 

SUMMARY  OF  ENGINE  ORIFICES 


Orifice  Name 

Part 

Diameter, 

in. 

.  Test 
Effectivity 

Comments 

Augmented  spark 
igniter  fuel 
supply  line 

“  —  — 

“  “  “ 

J4-1902-05 

Open  Line 

Augmented  spark 
igniter  oxidizer 
supply  line 

99-652050 

0.0999 

J4- 1902-05 

”  “  ” 

Film  coolant  flow 

— 

0.581 

J4-1902-08 

EWR  121099 

Thrust  chamber 
bypass  line 

99-406384 

1.500 

J4-1902-17 

EWR  121545 

Oxidizer  turbine 
bypass  nozzle 

99-210924 

1.996 

J4-1902-05 

— 

Film  coolant 
venturi 

— 

1.027  inlet 

0.  744  throat 

J4-1902-05 

CD  =  0.97 

Oxidizer  idle- 
mode  line 

99-411-92 

0.500 

J4-1001-04 

J4-1001-05 

Open  line 

EWR  121625 
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TABLE  III 

ENGINE  MODIFICATIONS 
(Between  Tests  J4-1001-04  and  J4-100105) 


Modification 

Number 

Completion 

Date 

Description  of  Modification 

Test  J4-1001-03  7/10/69 

EWR121609 

7/1/69 

Removal  of  oxidizer  idle -mode  line  orifice 

Test  J4- 1001-04  7/17/69 

EWR121625 

EWR121624 

7/22/69 

7/28/69 

Installation  of  0.  500-in.  -diam  oxidizer 
idle-mode  line  orifice 

Main  oxidizer  valve  first- stage  open 
position  changed  to  13.  5  deg 

Test  J4-1001-05  7/29/69 

73 


AEDC-TR-70-1 65 


TABLE  IV 

ENGINE  COMPONENT  REPLACEMENTS 
(Between  Tests  J4-1 001-04  and  J4-1 001-05) 


Completion 
Date 

Test  J4-1001-03  7/10/69 

6/26/69 


P/N  99-503670-11 
S/N  4097588 


Electrical  control  assembly 
P/N  99-503670 
S/N  4098176 


Component 

Replaced 


Replacement 
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TABLE  V 

ENGINE  PURGE  AND  COMPONENT  CONDITIONING  SEQUENCE 


-j 

in 


t30  min  before  propellant  drop 

ttlnitiate  mfv  conditioning  30  min  before  engine  start  for  those  firings  with  temperature  requirements 
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TABLE  VI 

SUMMARY  OF  TEST  REQUIREMENTS  AND  RESULTS 


FIRING  NUMBER 

J4-1001-MA 

J4-1001-04B 

j  J4-1001-05A  ||  J4-1001-05B 

|  J4‘ 1001-0 5C  | 

TARGET  |  ACTUAL 

TARGET  |  ACTUAL 

TARGET  |  ACTUAL 

Firing  Date/Time  of  Day 

7/17/60 

^  ' 1244 

7/17/69  ^ 
^  1418 

7/29/69  - 

^  1154 

7/29/69 

""  1339 

7/29/69^ 

-"“"I 

Pressure  Altitude  at  t-0,  (Ref.  1) 

Iff— 

85,000 

100,000 

98,500 

94,000 

100,000 

99,000 

100,000 

BSKlSliB  1 

■VH 

1.021 

40.0 

39.742 

3.0 

3.152 

7.0 

7.148 

7.0 

7.104 

High  Thrust  Idle-Mode  Duration,  see* 

— 

— 

— 

, 

i 

i 

30.0 

1.322 

30.0 

31.960 

30.0 

29.818 

Main-Stage  Duration,  sec* 

32. S 

33. 153 

7.5 

1.473 

— 

! 

i 

— 

— 

— 

— 

Fuel  Pump  Inlet  Pressure  at  t-0v  psla 

33.0  ±  1.0 

33.6 

33.0  1  1.0 

32,9 

33.0  ft  1.0 

33.2 

40.0  1  1.0 

40.3 

33.0  ft  1.0 

33.1 

Fuel  Pump  Inlet  Temperature  at  t-0, *P 

— 

-417.7 

— 

-321.9 

— 

-417.8 

— 

-416,5 

— 

-417. B 

Fuel  Tank  Bulk  Temperature  at  t-0,  "F 

-422.1 

-422.2 

-422.8 

-422.8 

-422.3 

Oxidizer  Pump  Inlet  Pressure  at  t-0,  psla 

39.0  t  1.0 

39.4 

39.0  ±  1.0 

37.8 

38.6 

33.0  ft  ].0 

32.8 

39.0  ft  1.0 

38.5 

Oxidizer  Pump  Inlet  Temperature  att-0,*F 

— 

-291.4 

— 

-282.2 

— 

-291.2 

... 

-291.4 

— 

-291.7 

Oxidizer  Tank  Bulk  Temperature  at  t-O,  *F 

‘295.0  ±  0.4 

-294.9 

-295.0  ft  04 

-295.3 

-295.0  ft  04 

-295.3 

295.0  ft  0.4 

-295.2 

>295.0  ±  0.4 

-295,4 

Fuel  Injection  Temperature  at  t-0,  ”F 

— 

99 

— 

96  . 

... 

72 

... 

64 

... 

44 

Main  Fuel  Valve  Temperature  at  t-0,  “F 

ee 

§ 

pH 

1 

-115 

— 

107 

— 

98 

... 

89 

— 

54 

Augmented  Spark  Igniter 

_ 

0.612 

— 

0.456 

— 

0.578 

— 

1.028 

— 

0.615 

Propellant  Utilization  Valve 

Null 

Null 

Null 

Null 

Null 

Null 

Null 

Null 

Null 

H..11 

Oxidizer  Pump  Bearing  Coolant 

_ 

-292 

-100 

-126 

-287 

— 

-288 

-288 

Helium  Tank  Condi ti^n^^ 

Pressure,  psla 

3450 

3319 

... 

2928 

4  0 

3450  -200 

3371 

— 

2971  ' 

— 

2779 

Temperature,  *F 

123 

— 

97 

--- 

115 

_ 

85 

_ 

77 

Part  Number 

9980352' 

r-n 

99803527-11 

— 

— 

— 

— 

— 

— 

Solid  Propellant 

Turbine  Starter 

Serial  Number 

H TO 00003  | 

RT000004 

— 

— 

— 

— 

— 

i 

Temperature  at  t-0,  ar 

50  1  10 

32 

00  t  10 

73 

— 

— 

— 

— 

... 

... 

Burn  Time,  sec 

— 

2.264 

... 

2.286 

— 

— 

— 

— 

— 

— 

Maximum  Chamber 
Pressure.  psla 

— 

3375  _ 

— 

3457 

— 

— 

— 

— 

— 

— 

*Data  reduced  from  oscillogram 
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TABLE  VII 

ENGINE  VALVE  TIMINGS 


Start 

- 

Main  Fuel  Valve 

Idle-Mixle 

Oxidizer  Valve 

Hot  Gaa 

Tapoff  Valve 

Main  Oxidizer  Valve 

First  Stage 

Main  Oxidizer  Valve 
Second  Stage 

Th 

B 

rust  Cham 
ypaRH  Val 

ber 

re 

J4-1001- 

Firing 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

sen 

Valve 

Opening 

Time. 

sec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time. 

sec 

Valve 

Opening 

Time. 

sec 

lime 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 

Opening 

Time, 

sec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

ace 

Valve 

Opening 

Time, 

sec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 

Opening 

Tune. 

sec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 

Closing 

Time, 

sec 

04 

A 

0 

IIM 

MWIHOT 

0 

wrm 

K19 

M3FBH 

BEtM 

MMT^M 

I 

*. 

s 

mWnm 

B 

0 

SIMM 

0 

HUB 

SUES 

UJWM 

MAIM 

RTS 

item 

SSjUH 

■EBB 

■EBB 

BBEBB 

0 

MEM 

HIM 

0 

Hill 

SEW 

■mil 

HU 

MEM 

MEM 

nn 

■HFCH 

RTfB 

BTTTTW 

Q.lflfl— 

MEM 

I  05 

■IS 

0 

0 

MM^B 

MI^^M 

MEM 

MEM 

... 

--- 

... 

--- 

- 

0 

W'W'M 

■'W'UM 

0 

■  IIM 

• 

■mia 

■  'H'T-’M 

W»UW 

■EE^B 

HHSElSl 

0 

1-AljM 

c 

0 

MEM 

0 

I1K» 

SEW 

M 

MR?® 

MEM 

o-mq 

... 

... 

_ 

0 

nn 

0 

■Ml 

ma 

0 

■vim 

VfSI 

mm 

BBS 

METE 

wtrsrn 

MUTTM 

WSSm 

_ 1! _ 

ITEM 

Shutdown 

_ 

Test 

Main  Oxidizer  Valve 

Hot  Gxh 

Tapoff  Valve 

Main  Fuel  Valve 

Os 

Idle-Mode 
Lidizcr  Val 

ve 

Thx 

B 

*ust  Choral 
rpujM  Valv 

*er 

e  I 

J4-1001- 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

acc 

Valve 

Closing 

Time. 

sec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 

Closing 

Time, 

sec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time. 

Bee 

Valve 

Closing 

Time, 

sec 

Time 

Of 

Cloning 

Signal 

Valve 

Delay 

Time. 

sec 

Velvs 

Closing 

Time, 

sec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

see 

04 

A 

FTHTTM 

MEM 

MEM 

Si  SUM 

MEM 

MEM 

lilUM 

■'HIM 

EXBHB 

MEM 

13 

eiatiw 

eem 

mVTTS 

■  ll'W-W 

eixmw 

OEM 

BA'iiE 

MEM 

DEM 

*ne 

kbuot 

... 

... 

... 

nxue 

P'W'll-M 

■■SUM 

meeot 

ITIIl 

OHM 

OEM 

OHM 

MEM 

It'RIrM 

If 

MAIM 

10.475 

0.298 

0.  227 

05 

HU 

MEM 

mna 

mwnw 

HSM 

line 

amw 

M'RlrM 

MEM 

MEM 

ME1  W 

B 

mi'ii 

■rrm 

ME3M 

MEETS 

XEEE 

SAME 

EERM 

MEM 

MA±M 

ITEM 

REM 

BCM 

mi'ii 

■EOT 

S'A)«M 

c 

mrrrw 

mem 

SMTTTS 

MAVM 

SAIM 

mws 

M>W 

MEM 

uaim 

REM 

MEM 

■TRLLM 

■fill 

RRIM 

Etna 

mem 

B'BiU-LS 

STEM 

MAIM 

MEM 

FHH-IIW 

MA'W'W 

MEM 

ITEM 

RA'I-M 

HIM 

EBI 

■EOT 

MEM 

♦Main  oxidizer  valve  first  stage  only 


NOTES'  1. 

2. 

9. 

4. 


All  valve  signal  tines  are  referenced  to  t-0. 

Valve  delay  time  Is  the  time  required  for  initial  valve  movement  after  the  valve  open  or  closed  solenoid  haa  been  energized 
Final  sequence  check  is  conducted  without  propellants  and  within  12  hr  before  testing. 

Data  are  reduced  from  oscCUogram. 


AEDC-TR-70-165 


AEDC -TR-70-165 


APPENDIX  111 
INSTRUMENTATION 

The  instrumentation  for  AEDC  tests  J4-1001-04  and  J4-1001-05  is  tabulated  in  Table 
'  111-1.  The  location  of  selected  major  engine  instrumentation  is  shown  in  Fig.  II1-1. 
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VO 


® —  area  fire  detection  thermocouples 

TFDMOVA— i 


TFDODA 


helium  tank 

FUEL  TURBOFUMF 


solio-frofellant 


TURBINE  STARTER 

TPIP-IP- 

TFDFTA- 


FLIGHT 

INSTRUMENTATION 

-TFDTDA  fackage — CD 


TECP-IP 

(NST-ia ) 

TFDMFVA 


THRUST 

CHAMBER  EXHAUST 

v!l«  «*n,folo 

PFMI 


pfmi-l- 

(CF1 ) 


•  THRUST 
CHAMBER 


a.  General  Arrangement 
Fig.  111-1  Selected  Sensor  Locations 


TI&T2 
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S3 


<£>1 


PPUVO- 

(P09) 

PPUVI- 

(POB) 

NOPH2&3' 

(POV) 


POPBC- 

(P07  ) 


-fC\ _ TLj 


7^ 

J  X5  o  o 

1  o  o  o 
o  o  o 

_ 

& 

1  1 

_ L 

-P0PD-2 

(P02  ) 

-TOPBC 

(Por4) 


■POPSC 

(P06) 


> 

m 

o 

o 

H 

3 

• 

-J 

o 

-» 

a> 

cn 


d.  Oxidizer  Turbopump  Sensor  Locations 
Rg.  111-1  Continued 
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f.  Turbine  Exhaust  Systems  Sensor  Locations 
Fig.  111-1  Continued 
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i.  Pneumatic  Control  Package  Sensor  Locations 
Fig.  MI-1  Continued 
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VO 

O 


I.  Solid-Propellant  Turbine  Starter  Conditioning  System  Sensor  Locations 

Fig.  1 11-1  Continued 
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m.  Fuel  Turbine  Sensor  Locations 
Fig.  1 11-1  Continued 
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n.  Oxidizer  Turbine  Sensor  Locations 
Fig.  1 1 1-1  Continued 
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View  Looking 
Downstream 


o.  Side  Load  Forces  Sensor  Locations 
Fig.  ill-1  Continued 


p.  Augmented  Spark  Igniter/Film 

Fig. 
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NO 

Vl 


q.  Thrust  Chamber  Sensor  Locations  £ 

Fig.  ill-1  Continued  ' 
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t.  S-IVB  Battleship  Sensor  Locations 
Fig.  MI-1  Concluded 
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TABLE  111-1 

INSTRUMENTATION  LIST 


AEDC 

Code 

Ta« 

Parameter  so. 

Range 

Digital 

Data 

System 

Magnetic 

Tape 

Oscillo-  Strip 
graph  Chert 

Event 

Recorder 

Current*  any 

ICC 

Control 

0  to  30 

X 

lie 

Ignition 

0  to  30 

X 

Event 

EASIS-1 

Augmented  Spark 

Igniter  1  Spark 

On/Off 

X 

HAS 15-2 

Augmented  Snark 
ignitur  2  Sp^rk 

On/Off 

X 

EBCL 

Engine  Cutoff  Isickln 

On/Off 

X 

X 

X 

EE  CO 

Enolne  Cutoff  Signal 

On/Off 

X 

X 

X 

EER 

Engine  Ready  Signal 

On/Off 

X 

EES 

Engine  Start  Command 

On/Off 

X 

X 

X 

EESCO 

Programmed  Duration  Cutoff 

On/Off 

X 

EFBVO 

Fuel  Bleed  Valvo  Open 

Limit 

On/Off 

X 

EFPCO 

Fuel  Pump  Over speed 

Cutoff 

On/Off 

X 

EFPVC 

Puel  Prcvalvo  Closed  Limit 

On/Off 

X 

X 

EFPVO 

Fuel  Prevalvo  Oncn  Limit 

On/Off 

X 

X 

EFUA 

Exploding  Bridge  wire 

Firing  Unita  Armed 

On/Off 

X 

EHCS 

Helium.  Control  Solenoid 
Energized 

On/Off 

X 

X 

X 

X 

EHCTC 

Hot  ^as  Tanofff  Valve 

Closed  Limit 

On/Off 

X 

EEIGTO 

Hot  Gas  Tapoff  Valve 

Onen  Limit 

On/Off 

X 

EID 

Ignition  Detected 

On/Off 

X 

X 

X 

El  DA  - 1 

Ignition  Da  tact 
/•npllfi^r  1 

On/Off 

X 

EIDA-2 

Ignition  Detect 
/j3|ilafior  2 

On/Off 

X 

EIMCS 

Idle-Pode  Control  Solenoid 
Enorqized 

On/Off 

X 

X 

X 

EIFVC 

Idlo-rtode  Valve  Closed  Limit 

On/Off 

X 

E  III  VO 

Idle-trode  Valve  Open  Lirtit 

On/Off 

X 

EriCL 

:iain-Stago  Cutoff  hoclcin 

On/Off 

X 

X 

X 

El 'CO 

.inln-L'tayc  Cutoff  signal 

On/Off 

X 

X 

ENCS 

:la in-Stage  Control  folauoid 
Energized 

On/Off 

X 

X 

X 

EHO-1 

lain  Stay**  1 

Depressurized 

On/Off 

X 

X 

X 

EMD-2 

.am  *»taijo  2  •■OK" 
Depressurized 

On/Off 

X 

X 

X 

ENFVC 

Main  Puel  Valve  Closed 

Limit 

On/Off 

X 

EHFVO 

Main  Fuel  Valve  Open  Limit 

On/Off 

X 

EI'OVC 

Main  Oxidise r  Valve  Closed 

On/Off 

X 

Limit 


X-Y 

Plotter 
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TABLE  1 1 1-1  (Continued) 


AEDC 

Code 

Tap 

Parameter  Ko^ 

Range 

Digital 

Data 

System 

lUignetic 
Taoe  _ 

Oaeillo 

graph 

Strio 

Chart 

Event 

Recorder 

Event 

EMOVD 

Main  Oxidizor  Valve 

Open  Linit 

On/Off 

X 

EHP-1 

'LiLt  Stage  1  *  •or '  * 
Pressurized 

Or./Off 

x 

X 

X 

EMP-2 

Haii  rt.vjo  J  •  *u  :■  * 

Pressurized 

On/Off 

X 

X 

EMPCO 

.jttin-LtUjt.  1  r  :j.sun 

Cutoff  Siqral 

On/Off 

X 

EMS 

iM'ia-iito jc  btarr  signal 

On/Off 

X 

EMSCO 

.'jin-'irijo  Pzu jTar'Wi1 

Duration  Cutoff 

On/Off f 

X 

EHSS 

"tart  Golem  ‘.i1 

Energized 

Or./Off 

X 

X 

X 

X 

EODVO 

Oxidizer  Bleed  Valve 

Open  Limit 

On/Off 

X 

eoco 

Obaervor  Cutoff  Signal 

On/Off 

X 

EOPCO 

Oxidizer  Pump  Overepeed 
Cutoff  Signal 

On/Off 

X 

EOPVC 

Oxidizer  Prevalve  Closed 
Limit 

On/Off 

X 

X 

EOPVO 

Oxidizer  Prevalve  Open 

Limit 

On/Off 

X 

X 

EOTCO 

Fuel  Turbine  Over- 
temperature  Cutoff 

On/Off 

X 

ERAS IS- 1 

Augmented  Spark  Igniter 
llo.  1  Snark  Rate 

On/Off 

X 

ERASIS-2 

Augmented  Spark  Iqniter 

Ho.  2  Soar'  Rate 

On/Off 

X 

lam 

Ho.  1  Solid-Prone llant 
Turbine  Starter  Lx- 
plotlinq  •  . 

No.  1  lionitor 

On/Off 

X 

X 

ES1.*12 

No.  1  Solid-Prooellant 
Turbine  Starter  Ex¬ 
ploding  ”-i  *  f  v  *■ 

Ho.  2  Monitor  j 

On/Off 

X 

X 

BS2M1 

No.  2  Sol id -Propellant 
Turbine  Starter  Ex¬ 
ploding  irid4n-ii.-. 

No.  1  Unitor 

On/off 

X 

X 

ES2.'1? 

No.  2  So Lid-^rnne llant 
Turbine  Starter  Ex¬ 
ploding  Hr1 
^o.  2  *'onitor 

On/Off 

X 

X 

ES3ri 

No.  3  So lirt-Prono llant 
Turbine  starter  rx- 
nlodinn  hrM'w  »i  re 

No.  1  "on i tor 

On/Off 

X 

X 

ES3M2 

No.  3  Solid- -Prone llnnt 
Turbine  Starter  Ex¬ 
ploring  Urldget'Lro 

No.  2  Monitor 

On/off 

X 

X 

ESAffCO 

Stall  Annrnnoh  'tonitor 

Cutoff 

On/Off 

X 

ESPTS 

Solid -Prone llanfr 

On/Off 

X 

Turbine  Starter 
Initiated 


JC-Y 

Plotter 
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TABLE  1 1 1-1  (Continued) 


AEDC 

Codo 

Digital 

Tap  Qata 

Paramo tar  No .  Range  System 

Magnetic 

Tape 

Oscillo¬ 

graph 

Strip 

Chart 

Event 

Recorder 

Fvent 

ESR-1 

No.  1  Solid-Prone llant 
Turbine  Starter  Ready 

On/Off 

X 

X 

X 

ESR-2 

No.  2  Solid-Prone llant 
Turbine  Starter  Ready 

On/Off 

X 

X 

X 

ESR-3 

No,  3  Solid-ProDellant 
Turbine  Starter  Ready 

On/Off 

X 

X 

X 

ESTCO 

Start  "OK"  Timer  Cuto££ 
Signal 

On/Off 

X 

ETCBC 

Thru at  Chamber  Bypass 

Valve  Closed 

On/Off 

X 

ETC  BO 

Thrust  Chamber  Bypass 

Valve  Open 

0n/0££ 

X 

EVSC-1 

Vibration  Safety  Counts 

No.  1 

On/Off 

X 

EVSC-2 

Vibration  Safety  Counts 

No.  2 

On/Off 

X 

EVSC-3 

Vibration  Safety  Counts 

No.  3 

On/Off 

X 

Flo*#df  yi-tii 

or-i 

Engine  Fuel  PFF 

0  to  11,000 

X 

QF-2 

ft  «-ino  Fuel  PFFa 

0  to  11,000 

X 

X 

X 

QF-3 

Engine  Fuel  PFF 

0  to  11,000 

X 

00-1 

Engine  Oxidizer  POF 

0  to  3,600 

X 

00-2 

Engine  Oxidizer  POPa 

0  to  3,600 

X 

X 

X 

QO-3 

Engine  Oxidizer  POF 

0  to  3,600 

X 

Force*!,  luf 

FSP-l 

Side  Load  (Pitch) 

♦20,000 

X 

X 

FSY-1 

Side  Load  (Yaw) 

*20,000 

X 

X 

PnsLtion ,  percent 

open 

LFBT 

Thrust  Chamber 

Bypass  Valvo 

0  to  100 

X 

X 

LFVT 

Ha in  Fuel  Valve 

0  to  100 

X 

X 

LIMT 

Id  lo-Modo/Augmented 

Spark  Ignitor 

Oxidizer  Valve 

0  to  100 

X 

X 

LOVT 

Main  Oxidizer  Valve 

0  to  100 

X 

X 

LPUTOP 

Propellant  utilization 

Valve 

5  volts 

X 

X 

X 

LTVT 

Hot  Gaa  Tapoff  Valve 

0  to  100 

X 

X 

Pros  sum,  iu,ia 

PA-1 

Test  Coll 

0  to  0.5 

X 

PA-2 

Test  Call 

0  to  1.0 

X 

PA-3 

Teat  Call 

0  to  5.0 

X 

X 

X 

101 


AEDC-TR-70-165 


TABLE  1IM  {Continued) 


AEDC 

Code 


Paraneter 


Tan 

No‘. 


PrgMuroi  poia 


PC- IP 

Thrust  Chamber 

CGI 

0 

to 

1500 

PC-2P 

Thrust  Chanter 

CGla-2 

0 

to 

isoo 

PC- 2 PL 

Thrust  Chamber 

CGla-1 

0 

to 

50 

PCSPTS-1 

Sn  L ld-Prooc 1 lant 
Turbine  Starter 
No .  1  Chamber 

PTS-1 

0 

to 

5000 

PCSPTS-2 

Sol id -Propel lant 
Turbine  Starter 
No.  2  Chamber 

PTS-2 

0 

to 

5000 

PCSPTS-3 

Solid-Propellant 
Turbine  Starter 
No .  3  Chamber 

PTS-3 

0 

to 

5000 

PFBM 

Thrust  Chamber 
hynass  Manifold 

CF3 

0 

to 

1500 

PPCO 

Film  Coolant 
Orifice 

CF5 

0 

to 

2000 

PPCO-I. 

Film  Coolant 
Orifice 

1  CPS 

0 

to 

50 

PPCVI 

Pilm  Coolant 
Venturi  Inlet 

CF7 

0 

to 

2000 

PPCVI-L 

Film  Coolant 
Venturi  Inlet 

CF7 

0 

to 

50 

PPCVT 

Film  Coolant 
Venturi  Throat 

CF6 

0 

to 

2009 

PPCVT-L 

Film  Coolant 
Venturi  Throat 

CF6 

0 

to 

50 

prj-i 

Fuel  Injection 

CF2 

0 

to 

1500 

PPJ-1I. 

Puol  Injection 

CF2 

0 

to 

50 

PPM  I 

Fuel  Jacket  Mani¬ 
fold  Inlet 

CF1 

0 

to 

2000 

PPMI-L 

Fuel  Jacket  Mani¬ 
fold  Inlet 

CF1 

0 

to 

50 

pppnc 

Fuel  Pump  Balance 
Piston  Cavi  ty 

PF5 

0 

to 

1 

2000 

PPPBS 

Fuel  Purnn  Balance 
Piston  Sunn) 

PF4 

0 

to 

1000 

PPPD-1L 

Fuel  Pump  Dis¬ 
charge 

PF3 

0 

to 

50 

PFPD-1P 

Tucl  Pump  Dis¬ 
charge 

PF3 

0 

to 

2500 

PFPI-1 

Fuel  Pump  Inlet 

PF1 

0 

to 

2500 

PFPI-2 

Fuel  Pump  Inlet 

0 

to 

100 

PPPI-3 

Fuel  Pump  Inlet 

PFla 

0 

to 

100 

PFPR3 

Fuel  Pump  Rear 
Bearing  Coolant 

PF7 

0 

to 

1000 

PFPS 

Fuel  Pump  Inter¬ 
stage 

PF6 

0 

to 

1000 

PFPSI 

Fuel  Pump  Shroud 
Inlet 

0 

to 

2500 

Dicrital 

Data  Magnetic  Oscillo-  Strip  Event 

System  Tape  graph  Chart  Recorder 


x 


x 


X 


X 


x-t 

Plotter 


x 

X 
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TABLE  IIM  (Continued) 


■  Digital 

AEDC  Tap  Data  Magnetic  One  ilia-  Strip  Event 

Code  Parameter  Ho.  Range  System  Tape  graph  Chart  Recorder 


Pressure,  paia 

PPTI-lP 

Fuel  Turbine  Inlet 

TGI 

0  to 

1000 

X 

X 

PPTO 

Fuel  Turbine  Outlet 

TG2 

0  to 

200 

X 

PFTSC 

Fuel  Turbine  Seal 
Cavity 

TC10 

0  to 

500 

X 

PPUT 

Fuel  Ullage  Tank 

0  to 

100 

X 

PPVC 

Fuel  Rapressurisation 
at  Customer  Connect 
Panel 

0  to 

2000 

X 

PFVT 

Puol  Represaurixation 
Nozzle  Inlet 

KHP1 

0  to 

2000 

X 

PFVL 

Fuel  Repressurization 
Nozzle  Throat 

KHP2 

0  to 

1000 

X 

PHEA 

Heliun  Accumulator 

NN3 

0  to 

750 

X 

PHES 

Holiun  Supply 

o  to 

5000 

X 

PHET-1P 

Helium  Tank 

NNl 

-1 

0  to 

5000 

X 

PHET-2P 

Heliun  Tank 

mu 

-3 

0  to 

5000 

X 

PHRO-1P 

Helium  Regulator 

Outlet 

NN2 

0  to 

750 

X 

PNODP-1 

Oxidizer  Done  Purge 
at  Customer  Connect 
Panel 

0  to 

750 

X 

FHODP-2 

Oxidizer  Dome  Purge 
at  Custom  Connect 
Panel 

0  to 

1500 

X 

PGASIJ 

Augmented  Spark 

Igniter  Oxidizer 
Injection 

103 

0  to 

1500 

X 

X 

POASIJ-L 

Augmented  Spark 

Igniter  Oxidizer 
Injection 

103 

0  to 

50 

X 

POIML-3 

Oxidizer  Idle-Mode 

Line 

PO10 

0  to 

2000 

X 

POJ-1 

i 

oxidizer  Injection 

C03 

0  to 

1500 

X 

POJ-2 

Oxidizer  Injection 

C03a 

0  to 

1500 

X 

X 

POJ-3 

Oxidizer  Injection 
Manifold 

CO  3  b 

0  to 

500 

X 

X 

POPBC 

Oxidizer  Pump  Bear¬ 
ing  Coolant 

P07 

0  to 

500 

X 

POPD-lL 

Oxidizer  Pump  1 
Discharge 

P03 

0  to 

50 

X 

POPP- IP 

Oxidizer  Pump 

Discharge 

P03 

0  to 

2500 

X 

POPD-2 

Oxidizer  Pump 

Discharge 

P02 

0  to 

3000 

X 

X 

X 

POPI-1 

Oxidizer  Pump  Inlet 

POl 

0  to 

100 

X 

POPI-2 

Oxidizer  Pump  Inlet 

0  to 

100 

X 

POPI-3 

Oxidizer  Pump  Inlet 

POla 

0  to 

100 

X 

X 

X 

POPSC 

Oxidizer  Pump 

Primary  Seal  Cavity 

P06 

0  to 

50 

X 

POTI-1P 

Oxidizer  Turbine 

TG3 

0  to 

200 

X 

Inlet 


X-Y 

Plotter 


x 


X 


X 
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TABLE  111-1  (Continued) 


Digital 

Tap  Data  Magnetic  Oscillo-  strip  Event 

Code  Parameter  No.  Range  System  Tape  graph  Chart  Recorder 


Pressure, 

paia 

POTO-1P 

Oxidizer  Turbine 
Outlet 

TG4 

0  to  100 

X 

POUT 

Oxidizer  Ullage  Tank 

0  to  100 

X 

PPTD 

P  ho  toe  on  Cooling 
Hater  (Downstream) 

0  to  100 

X 

PPTU 

Photocon  Cooling 
Hater  (Upstream) 

0  to  100 

X 

PPUVI 

Propellant  Utiliza¬ 
tion  Valvo  Inlet 

POS 

0  to  2000 

X 

PPUVO 

Propellant  Utiliza¬ 
tion  Valve  Outlet 

P09 

0  to  1000 

X 

PTCFJP 

Thrust  Chamber  Fuel 
Jacket  Purge 

0  to  200 

X 

PTEM 

Turbine  Exhaust 
Manifold 

TGS 

0  to  50 

X 

PTH 

Tapoff  Manifold 

GG2b 

0  to  1500 

X 

PTH-L 

Tapoff  Manifold 

GG2b 

0  to  50 

X 

Jjarx-a,  rpn 

NPP-1 

Fuel  Pump 

PPV 

0  to  33,000 

IJFP-2 

Fuel  Pump 

PPV 

0  to  33 , 000 

X 

NFP-3 

Fuel  Pump 

PPV 

0  to"  337000" 

KOP-1 

Oxidizer  Pump 

POV 

0  to  12,000 

:;op-2 

Oxidizer  Pump 

POV 

0  to  12,000 

X 

NOP- 3 

Oxidizer  Pump 

POV 

0  to  12,000 

Tonporaturja.  °F 

TA-1 

Test  Cell  North 

-50  to  BOO 

X 

TA-2 

Test  Cell  East 

-50  to  BOO 

X 

TA-3 

Test  Cell  South 

-50  to  800 

X 

TA-4 

Test  Cell  West 

-50  to  800 

X 

TECP-1P 

Electrical  Control 
Assembly 

NSTla 

-300  to  200 

X 

TPBM 

Fuel  Byoass  Mani¬ 
fold 

-425  to  100 

X 

TPCO 

Film  Coolant 

Orifice 

IFT1 

-425  to  375 

X 

TFD-Avg. 

Fire  Detection 
Average 

0  to  1000 

X 

TPDPTA 

Fire  Detect  Fuel 
Turbine  Mani¬ 
fold  Area 

0  to  500 

X 

TPDMFVA 

Fire  Detect  Main 
Fuel  Valve  Area 

0  to  500 

X 

TPDHQVA 

Fire  Detect  Main 
Oxidizer  Valve 
Area 

0  to  500 

X 

TFDODA 

Fire  Detect  Oxi¬ 
dizer  Dome  Area 

0  to  500 

X 

TFDTDA 

Fire  Detect  Tap¬ 
off  Duct  Area 

0  to  500 

X 

TPJ-1P 

Fuel  Injection 

CFT2 

-425  to 
-300 

X 

X-Y 

Plotter 
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AEDC 

Code 

TFJ-2P 

TFPBS 

TFPD-1P 

TPPD-2P 

TPPD-3 

TFPD-4 

TFPI-1 

TFPI-2 

TFPRS-l 

TPPRS-2 

TPPRS-3 

TFRT-3 

TFTI-3 

TFTO 

TFVC 

TFVT. 

THFT-l  P 
7,'PVS-l 

TT1FVS-2 

TMOVP 

TNODP-1 

TNODP-2 

TOIM!. 

TOJ 

TOPBC 

TOPDP 

TOPD-1P 

TOPD-2P 


TABLE  111-1  (Continued) 


Digital 

T__  Data  Magnetic  Oacillo-  Strip  Event  X-Y 

Parameter  No_  Range  System  Tape  graph  Chart  Recorder  Plotter 


Turaperaturea .  °F 


Fuel  Injection 

CFT2a 

-425  to  100 

X 

Fuel  Pump  Bal¬ 
ance  Piston 
Sump 

PFT4 

-425  to  -375 

X 

Fuel  Pumo  Dis¬ 
charge 

PFT1 

-425  to  -300 

X 

Fuel  Pump  Dis¬ 
charge 

PPTl 

-425  to  100 

X 

Fuel  Pump 
Discharge 

PP3 

-425  to  -300 

X 

Fuel  Pump 
Discharge 

PF3 

-425  to  100 

X 

Fuel  Pump  Inlet 

XFT2 

-425  to  -400 

X 

p.»el  Pump  inlet 

KFT2a 

-425  to  100 

X 

Punl  Pump  "ear 
Rupnort 

-400  to  1800 

X 

Fuel  Pumo  Roar 
Suooort 

-400  to  1R00 

X 

Fuel  Pump  Tear 
Sunport 

-400  to  1BQ0 

X 

nicl  "‘in  T.-'nk 

-425  to  -400 

X 

Fuol  Pun  Tank 

-425  to  -400 

X 

Pi*«]  Tiirbino 
Inlet 

TfSTl 

-300  to  2400 

X 

Furl 

OitMf't 

-100  to  1200 

X 

Fuel  'le^rciLurizition 
at  Customer 

Connect  Panel 

-30ft  to  -ion 

X 

Fanl  Horr«n. 
t'oszle  Inlot 

KUFT1 

-300  to  -100 

X 

H/*1  t  'vn  TijiV. 

NNT1 

-200  to  300 

- 

‘Lain  Puel  V«l«* 
Shin  (Ontnr 

u-11) 

-425  to  100 

X 

"sin  Fuel  lv« 

fl^in  (Inn^r 
Wall) 

-4  25  to  inn 

X 

Main  Oxl dl ter 
v-ilve  Uostrr-aii 

Flanne 

-300  to  ion 

X 

D':ldizor  rvmfj 
Purge 

-250  to  200 

X 

Oxidizer  Don* 
Purn» 

-250  to  200 

X 

Oxidizer  Idfe- 
•vjde  Line 

P0T5 

-300  Lo  100 

X 

Oxidizer 

Injection 

Oxidizer  Pump 
Bearing  Cool¬ 
ant 

COTl 

P0T4 

-300  to  1200 

-300  to  100 

X 

X 

Oxidizar  Pump  ■ 
Discharge 
Plnnnc 

-300  to  100 

X 

Oxidizer  Pumn 
Discharge 

P0T3 

-300  to  -250 

X 

Oxidizer  Pump 
Discharge 

P0T3 

-300  to  100 

X 
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TABLE  III-1  (Continued) 


J'RIX' 

Cod'' 

Parameter 

Tap 

No.  Range 

Digital 

n/ita 

Svsten 

Tumi,  srat  urea , 

.  °r 

■JOPVS 

Oxidizer  Punrn 

Volute*  Skin 

-300  to  100 

X 

TOPJ -1 

Oxidizer  Pump  KOT2 

Tnlot 

-310  to  -250 

X 

TOPT-2 

Oxidizer  *>tmp  KOT2a 

Inlet 

-310  to  100 

TORT-1 

Oxidizer  nun 

T*nk 

-300  to  -285 

X 

tout- 3 

Oxidizer  Run 

-300  to  -285 

X 

TOTI-1P 

Oxidizer  Tnr-  TGT3 

bine  Inlet 

0  to  1200 

X 

TOTf'-l 

Oxidizer  Tur¬ 
bine  fan  i  fold 

-300  to  1000 

X 

TOW-2 

Oxidizer  Tur¬ 
bine  Manifold 

-300  to  1000 

X 

toto-ip 

Oxidizer  Tur-  TOT 4 

bine  Outlet 

0  to  1000 

X 

TPIP-lP 

Instrumentation 

Package 

-300  to  200 

X 

fPTlI 

Photocon  Cool inn 

M.i  tor 
(Urstrev) 

0  to  300 

X 

"SCGA-l 

'’Hi  ad- Prone  1  lar.t 

Turbine  Start¬ 
er  Ho.  1  Cond , 

Gas 

-100  to  300 

X 

TSCOP-J 

Soli d-Propoll«nt 

Turhine  Start¬ 
er  ‘lo.  2  Cond. 

G.-s 

-100  to  300 

X 

TSCGJk-3 

Sol* rt-proDeJ lnnt 

Turbine  Start¬ 
er  No.  3  Cnnd, 

Gas 

-100  to  300 

X 

TSCMF-l 

Sol id-Propcllant 

Turbine  Starter 

C-*ee  fount 

Plange 

0  to  '1500' 

X 

TSCMF-2 

Sol id-Prooel lent 

Turbine  Starter 

Case  Mount 

Flange 

0  to  1500 

X 

TSCMP-1 

Solid-propellant 

Turbine  Starter 

Case  Mount 

Flange 

0  to  1500 

X 

TTCP 

Thrust  Chamber 

Purge 

-250  to  200 

X 

0TCT-E1 

Thrust  Chamber 

Tube  (Exit) 

-425  to  5n0 

X 

TTCT-E2 

Thrust  C^arabcr 

Tuba  (Exit) 

-425  to  500 

X 

TTCT-T1 

Thrust  Chamber 

Tube  (Throat) 

-425  to  500 

X 

TTCT-T2 

Thrust  Chamber 

Tube  (Throat) 

-425  to  500 

X 

TTCT-T3 

Thrust  Chamber 

Tube  (Throat) 

-425  to  500 

X 

TTCT-T4 

Thrust  Chamber 

Tube  (Throat) 

-425  to  500 

X 

Magnetic 

Tape 


nscillo-  strip 
graph  Chart 


Event  X-Y 

Recorder  Plotter 


x 

x 
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TABLE  MI-1  (Concluded) 


AEDC 

Code 

TTCT-T5 

TTH 


Parameter 

Tao 

MO. 

Range 

Digital 

Data 

System 

Magnetic 

Tarae 

Oscillo¬ 

graph 

Strip 

Chart 

Event 

Recorder 

X-Y 

Plotter 

Teresa  ra  tiaras. 

°F 

Thrust 

Tube 

Chamber 

(Throat) 

-425 

to  500 

X 

Tapoff 

Manifold 

0  to 

2000 

X 

X 

X 

Pral:  Vl^citlona ,  <j 


U0PR 

Oxidizer  Pump  PZA-2 

300 

X 

OTCD-1 

Thrust  Chamber  FZA-la 

Dome 

212 

X 

X 

LTTCD-2 

Thru at  Chamber  PZA-2 

Done 

212 

X 

X 

UTCD-3 

Thrust  Chamber  PZA-3 
Dome 

212 

X 

X 

UTCD-fl 

UTCT-l 

Thrust  Chamber 

Dome 

Thrust  Chamber 

Throat 

1400 

300 

X 

X 

UTCT-2 

Thrust  Chamber 

Throat 

300 

X 

Voltage,  v 

VCD 

Control  Bus 

0  to  36 

X 

VIB 

Ignition  Bus  ^ 

0  to  36 

X 

VIDA-1 

Ignition  Do tec t 

Amplifier 

9  to  16 

X 

VIDA-2 

Ignition  Detect 

Amplifier 

9  to  16 

X 

VPUVEP 

Propellant  Utiliza¬ 
tion  Valve  Telem¬ 
etry  Potent iom- 
etor  Excitation 

0  to  5 

X 
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APPENDIX  IV 

POWER  SPECTRAL  DENSITY  WAVE  ANALYSIS 

The  characteristics  of  a  time-history  signal  can  be  described  as  being  random, 
periodic,  or  a  combination  of  random  and  periodic.  These  characteristics  can  best  be 
understood  if  represented  by  some  measure  of  the  spectral  characteristics  for  the  signal 
The  spectral  characteristics  for  any  signal  may  be  displayed  as  an  amplitude  versus 
frequency  plot,  called  a  frequency  spectrum.  The  frequency  spectrum  for  a  periodic 
signal  consists  of  discrete  amplitude  components  at  specific  frequencies  having  a  common 
multiple.  The  frequency  spectrum  for  a  random  signal  is  continuous  with  response 
amplitudes  possible  in  any  frequency  interval  but  with  no  discrete  components  at  any 
specific  frequency.  Therefore,  the  frequency  spectrum  for  a  random  signal  must  be 
presented  in  terms  of  a  continuous  spectral  density  versus  frequency  plot. 

The  most  meaningful  spectral  density  function  is  a  density  function  measured  in 
terms  of  mean-square  values  per  unit  frequency.  Such  a  function  is  called  a  power 
spectral  density  function.  The  frequency  spectrum  produced  by  plotting  a  power  spectral 
density  function  versus  frequency  is  called  a  power  spectrum. 

The  power  spectral  density  is  mathematically  defined  as 

Gy  (f)  =  lim  lim  — i - [  /  y2,.  (f,t)dtl  (IV-1) 

T -*oo  Af ->0  (Af)T|_0  I 

where  y2af(f,t)  is  the  squared  instantaneous  amplitude  of  the  signal  within  the  narrow 
frequency  interval  from  f  Hz  to  f  +  Af  Hz. 

The  electronic  equipment  processes  necessary  to  produce  the  exact  mathematical 
operations  required  for  the  power  spectral  density  equation  are  not  possible  since 
infinitely  long  averaging  times  (T)  and  infinitesimally  narrow  frequency  intervals  (Af)  are 
physically  impossible  to  obtain.  A  power  spectral  density  function  for  a  stationary 
random  signal  y(t)  may  be  approximated  as 

Gy  «)  -  -^r  l  y\  (f.ftd,  -  (IV-2) 

BT  0  “  B 

where  yjj(f)  is  the  mean-square  value  of  the  signal  within  a  narrow  frequency  of  f  Hz, 
and  T  is  a  finite  averaging  time  in  seconds.  Equation  (IV-2)  is  mechanized  by  the  wave 
analyzer  as  shown  in  Fig.  IV-1. 

The  approximations  made  in  Eq.  (IV-2),  although  inherent  in  a  practical 
measurement  system  introduce  a  measurement  uncertainty  or  statistical  variance.  This 
uncertainty  can  be  predicted  to  a  67-percent  confidence  level  by  the  formula 

(  =  l 

Vbt" 
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where  e 

is  the  standard  error, 

B 

is  the  effective  filter  bandwidth, 

T 

is  the  integration  time  =  4K 

and  K 

is  the  time  constant  of  the 

averaging  circuit. 

For  the  data  analyzed  with  a  10-Hz  bandwidth  and  a  time  constant  of  1  sec, 
the  standard  error  is 


e  =  -  =  0.158  =  15.8  percent 

(4)  (1) 

This  would  produce  a  power  spectral  density  plot  with  67  percent  of  the  points  falling 
within  15.8  percent  of  the  true  value. 

At  this  point,,  it  is  obvious  that  a  tradeoff  must  be  made  when  determining  data 
reduction  requirements.  A  large  averaging  time,  T,  would  tend  to  allow  a  smaller  error. 
'  However,  the  larger  T  is  made,  the  longer  is  the  time  necessary  to  produce  a  single  plot. 
Again,  the  larger  B  is  made,  the  smaller  c  becomes.  This,  however,  leads  to  problems  in 
frequency  resolutions.  Also,  since  in  the  power  spectral  density  plot  one  must  divide  by 
bandwidth,  a  large  bandwidth  reduces  the  signal  peaks  while  increasing  the  width  of  the 
pulse.  If  care  is  not  taken,  the  data  could  be  overlooked  entirely. 

Power  spectral  density  analyses  presented  in  this  report  were  made  with  various 
-  bandwidth  filters.  The  values  of  these  filters  and  the  associated  standard  error  are 
summarized  below: 

Bandwidth,  Standard  Error,  Frequency  Range, 

Hz  percent  _ Hz 


10 

50 


15.8 

7.1 


10  to  500 
500  to  10,000 
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I.  MAIN-STAGE  PERFORMANCE 

A.  Propellant  Flow  Rates 

Oxidizer 

w0  =  Ki  K2  p  (flowmeter  output,  Hz),  lbm/sec 
Ki  =1/5.5,  gal/cycle 
K2  =  1/7.48,  cu  ft/gal 
p  =  p  (TOPD,  POPD),  lbm/cu  ft 

Fuel 

Wf  =  K  K2  p  (flowmeter  output,  Hz),  lbm/sec 
K  =  1/2.0,  gal/cycle 
K2  =  1/7.48,  cu  ft/gal 
p  =  p  (TFPD,  PFPD),  lbm/cu  ft 

Total 


wt  =  w0  +  Wf 

B.  Mixture  Ratio 

MR  =  w0/wf 

C.  Vacuum-Corrected  Thrust 

Fev  =  [193.73  +  3.34  (MR)]  Pc  +  Pa  A*,  Ibf 
where 

Ae  =  4643.3  sq  in. 

D.  Vacuum-Corrected  Specific  Impulse 

Igp v  =  Fev,/wt,  lbf-sec/lbm 

E.  Characteristic  Velocity 

C*  =  PcA*g/wt,  ft/sec 
where 

A*  =  1 17.1  sq  in. 
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